We discuss the relation between lepton number violation at high and low energies, particularly, the constraints on baryogenesis models, which would be implied by an observation of neutrinoless double beta decay. The primordial baryon asymmetry can be washed out by effective lepton number violating operators triggering neutrinoless double beta decay in combination with sphaleron processes. A generic conclusion is that popular models of baryogenesis are excluded if a non-standard mechanism of neutrinoless double beta decay, i.e., other than the standard light neutrino exchange, is observed. Apart from the effective field approach, we also outline the possible extension of our arguments to a general UV-completed model.
Introduction
At present, the theoretically most acceptable solution to the neutrino mass problem is the concept of Majorana neutrinos. In case that this theoretical construction is really the mechanism how neutrinos obtain their masses in nature, we expect to see lepton number violating (LNV) processes, particularly neutrinoless double beta (0νββ) decay [1] . Although it is not possible to pinpoint a model just on the basis of observation of this single process, a number of interesting conclusions can be drawn.
In this text we focus on cosmological implications of effective LNV operators that occur in general mechanisms of Majorana neutrino mass generation [2] .
Effective Approach to 0νββ
If we assume that all the new physics lives high above the electroweak scale, then regardless of the details of the new high-scale theory all the new phenomena occurring below electroweak scale are described by higher-dimensional effective operators. Hence, observable low scale manifestations of all high-energy models leading to small Majorana neutrino masses are just consequences of effective operators which break the B − L number. The LNV processes which are most relevant for 0νββ violate lepton number by two units and conserve baryon number. Hence, we can focus on odd-dimensional ∆L = 2 effective operators. Up to dimension 11 there is a list of 129 LNV operators [3] , from which we will concentrate on the following four examples
T is the SU (2) L Higgs doublet, whose neutral component acquires a non-zero vacuum expectation value breaking the electroweak gauge symmetry. The fields e c , u c and d c are the charge conjugates of the SU (2) L singlet right-handed charged-fermion operators. The contributions of these operators to 0νββ decay are shown in Fig. 1 .
The theoretical formula for the 0νββ decay half life T 1/2 reads
where G i is the decay phase space factor and M i stands for the matrix element for a given isotope and operator, which is assumed to be dominant. The coefficient i is an effective coupling of a specific operator. The current bounds on the 0νββ decay half life given by experimental searches in 76 Ge and 136 Xe are T 1/2 > 2.1 × 10 25 y [4] and T 1/2 > 1.9 × 10 25 y [5] (at 90% C. L.), respectively. The planned future sensitivity could be improved by two orders of magnitude to T 1/2 ≈ 10 27 y [6] . Relating the scales of the four operators in equation (1) to the corresponding effective couplings we get
where G F is the Fermi coupling, m e and m p denotes the electron and proton mass, respectively, and v represents the Higgs vacuum expectation value. Moreover, a generic (average) coupling constant g was included just to show the estimated scaling in a tree level UV completion of the operator. If we employ the relations (2) and (3), we can calculate the current upper bounds on the scales of the considered effective operators Λ D . The numerical values are depicted in Fig. 2. 
Falsification of High-scale Baryogenesis?
The operators in (1) will not only induce 0νββ decay, but in connection with sphaleron processes [7] (translating the asymmetry from leptons to baryons) they also lead to the washout of a B − L asymmetry created in a baryogenesis mechanism. The Boltzmann equation describing the net lepton number evolution in dependence on temperature T for a single LNV ∆L = 2 operator of dimension D reads [2] 
Here n γ ≈ 2T 3 /π 2 denotes the equilibrium photon density and H ≈ 1.66 √ g * T 2 /Λ P l represents the Hubble parameter with the effective number of degrees of freedom g * and the Planck scale Λ P l = 1.2×10
19 GeV. The constant c D depends on the considered operator. The condition for a process to be in equilibrium is
This inequality simply requires the decay rate to be large in comparison with expansion rate of the universe, otherwise the considered process would depart from equilibrium. This is here satisfied whenever the temperature T lies in the interval
The lower limit λ D therefore represents the temperature above which any pre-existing lepton number asymmetry will be washed out in case that 0νββ decay is observed at the corresponding rate and if the given operator O D gives the dominant contribution.
On the other hand, the scale Λ D is the upper limit given by the validity of the effective operator approach, as above this scale the UV-completed model must be considered. The precise lower limit for the washout scaleλ D , above which the typical primordial asymmetry of order one can be suppressed down to the electroweak scale, can be determined by solving the Boltzmann equation (4) . Figure 2 shows that if a non-standard 0νββ decay is observed, then high-scale baryogenesis can be excluded. However, in case that 0νββ decay is dominated by the standard mass mechanism, the origin of neutrino masses and baryogenesis are most probably high-scale phenomena. The crucial point is distinguishing among various mechanisms, which can be attained e.g. through the observation of neutrinoless double beta decay in multiple isotopes or the measurement of the decay distribution. Although 0νββ decay can probe LNV only in the first lepton generation, if lepton flavour violation is observed, our argumentation can be extended to the washout of other flavours -see Fig. 2 .
Besides the general effective approach, we study also fully UV-completed models causing the effective LNV at low energies to demonstrate the relevancy of the general approach based on effective LNV operators and estimate possible uncertainties. and the corresponding UV-completed model. Such an approach allows a more precise calculation of the washout and the interplay between LNV and LFV operators. As seen, even when considering just the s-channel contribution, the washout rate of the completed model is higher than the one calculated for the corresponding effective operator. The observation of heavy resonances mediating LNV at the LHC will also rule out baryogenesis mechanisms in a similar fashion [8] .
